The haploid state of conifer megagametophyte tissue provides a means of testing for genetic linkage among allozyme loci in conifers. Using pitch pine trees (Pious rigida Mill.), which were previously determined to be heterozygous for certain allozymes, we have been able to detect linkage among several pairs of loci. One such pair, GOT-I and GPI-2, is tightly linked showing a recombination frequency of 4 per cent. Four other pairs appear to be linked with recombination frequencies at the margin of detectability, 38-40 per cent, but tree-to-tree variation makes positive determination difficult for less tightly linked loci. Such variation may be due to small sample sizes and presence of inversion polymorphisms. These results are the first report of tight linkage in a forest tree and represent a start in mapping the conifer genome.
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I. INTRODUCTION
THE linkage of genes on the same chromosome is a well-known genetic phenomenon, and detailed linkage maps exist for a number of well-studied animals and plants (Green, 1970; Neuffer and Coe, 1970; Lalley, 1977; Maclntyre and O'Brien, 1977) . In general, such maps are constructed for organisms which are amenable to controlled breeding experiments, possess a relatively short life cycle, a low chromosome number, and an abundance of natural or induced variation; man is one notable exception. Organisms such as forest trees, which generally do not possess such experimentally facile features, have been poorly studied in this regard. Attempts at detecting linkage among polymorphic loci have been reported in a few tree species, generally with negative results (Bergmann, 1974; Lundkvist, 1974; Simonsen and Wellendorf, 1975) .
The study of linkage in multilocus systems has received new attention due to the ease with which large numbers of allozyme polymorphisms can be analysed, and because of interest in questions concerning the distribution and maintenance of genic variation in natural populations (Langley et al., 1974; Zouros et al., 1974) . It is of interest, for example, to determine whether non-random associations of allozymes exist, and whether epistatic selection is responsible for maintaining these blocks of interacting sets of loci (Clegg et al., 1972) . Megagametophyte tissue of conifer seed offers an advantage in studies of genie segregation seldom found in diploid organisms, namely, its haploid nature. Each megagametophyte represents a single meiotic product.
Using electrophoretic techniques, it is possible to discriminate between heterozygous and homozygous trees by analysing a number of seed from each individual. Deviations from independent assortment can be detected by analysing seed from trees which are heterozygous at two or more loci. In a previous paper, we reported results of tests involving certain pairs of loci, none of which exhibit linkage (Guries and Ledig, 1978) . Based upon a more extensive assessment, we now report the linkage of allozyme loci in pitch pine (Pinus rigida Mill.). Trees have been recalcitrant in regard to providing examples of classical genetic segregation and assortment; this is the first report of tight linkage in a forest tree species.
MATERIALS AND METHODS
As part of a population genetics study of pitch pine, we analysed a number of allozyme loci, including two loci each of 6-phosphogluconate dehydrogenase (6-PGD-1 and 2), leucine aminopeptidase (LAP-I and 2), malate dehydrogenase (MDH-l and 2), glutamate oxalate transaminase (GOT-i and 2), and one each of aconitase (ACO), isocitrate dehydrogenase (IDH), and acid phosphatase (AP). Conditions for horizontal starch gel electrophoresis were reported elsewhere (Guries and Ledig, 1978) for all systems except acid phosphatase. Acid phosphatase was run on buffer system 4 of Guries and Ledig (1978) and stained according to Scandalios (1969) , except that the Stain buffer was adjusted to pH 5'O.
From a large number of single-tree collections of pitch pine, we selected nine trees which were previously determined to be heterozygous for four or more enzyme loci. As several enzyme systems can be stained with slices from the same starch gel, comparisons among several loci can be made in pairwise fashion for the same set of megagametophytes. Zymograms were analysed for agreement to a model of independent assortment. For all enzyme systems studied thus far, aliozyme variants segregate randomly in a fashion suggestive of control by co-dominant alleles (Guries and Ledig, 1978) .
RESULTS AND DISCUSSION
A total of 53 pairs of allozyme loci were compared in at least one tree; 13 of these pairs were subsequently compared in at least one additional tree (table 1). One pair of loci, GPI-2 and GOT-i was found to be tightly linked with an average recombination frequency estimated to be 4 per cent (table 1). These two loci appear to be linked in Pinus ponderosa Laws, as well (D. O'Malley, Br. Columbia For. Serv., personal communication).
Deviations from independent assortment were detected for four other pairs of loci, 6PGD-1 and ACO, PGM-l and IDH, LAP-l and ACO, and LAP-2 and IDH. The recombination frequencies for these pairs of loci were estimated to be 40, 39, 38 and 39 per cent respectively (table 1). Bergmann (1974) reported 42% recombination between two ecterase loci in Picea abies (L.) Karst.
Because pines have a haploid complement of 12 chromosomes and chiasma frequency of c. 2'5 per bivalent (Sax, 1933; Saylor and Smith, 1966) , gene loci are expected to fail into approximately 12 x 25 or 30 linkage groups. Therefore, the probability of detecting linkage (i.e., less than 50 per cent recombinants) is 1/30, or for the 53 pairs of loci, c. 1 '8 linked Two pairs of loci, LAP-2 and IDH, and LAP-i and AGO, showed evidence of linkage in one tree, but conformed to a model of independent assortment when compared in a second tree. In both instances where these pairs of loci appeared to be linked, the recombination frequency was relatively high, 38-39 per cent, and sample sizes relatively small. Differences between trees in recombination frequency can be attributed to a variety of causes, the two most likely ones in this case being sampling error and inversion polymorphism (Saylor and Smith, 1966) .
In view of the apparent tree-to-tree variation, it would appear desirable to secure estimates of recombination frequency from a number of trees for each pair of putatively-linked loci. At this time, only GPI-2 and GOT-i appear to be tightly linked. Several other pairs of loci may also be linked, but it would be premature to consider them so without additional estimates from other trees. In the absence of suitable cytological markers, we cannot assign any linkage group to a specific chromosome or do simultaneous analyses of chromosomal and genic variation as is done in Drosophila. It should be possible in the future to secure estimates of gametic phase disequilibrium in conifers by analysing the same set of megagametophytes for these enzyme systems in large populations.
It is of interest that GPI-2 and GOT-i also appear to be linked in ponderosa pine as noted earlier. These two species are placed in different sub-sections of the section Pinus (Critchfield and Little, 1966) which are not geographically contiguous. A reasonable estimate for the minimum time since divergence of these species' ancestors would be the end of the Pliocene epoch, and perhaps as early as the Miocene. It is widely presumed that conifers in general have been very conservative in their evolution. The fact that this pair of loci appears to be linked in two species separated for at least two million years supports this presumption. As additional loci in additional species are examined, it seems probable that such data will be useful in a systematics context. These results are the first report of tight linkage in trees and represent a beginning in mapping the conifer genome. The use of allozymes and haploid gametophyte tissue can rapidly advance genetic knowledge in conifers and contribute to improvement through breeding.
